Pressure pulsation is caused by the flow ripples from a positive displacement hydraulic pump. It transmits throughout fluid power equipment and causes unwanted excitation of the mechanical parts. In many practical applications, a Helmholtz type hydraulic silencer may be used to attenuate such pulsation. It is the preferred solution on account of its simple structure and high attenuation performance. However the distinctive drawback of this silencer is that it is effective only within a narrow range of the attenuating frequency. Therefore, the silencer is only suitable for use in the hydraulic systems running at constant pump rotational speeds. The purpose of this research is to develop a novel silencer for hydraulic systems that have a fixed displacement pump driven under variable speed. Firstly, a mechanism for adjusting the resonant frequency has been proposed. This works by changing the volume of the silencer. Secondly, a prototype of the novel silencer was designed using a new distributed parameter system model, in which the vessel volume was modelled as an annular fluid line. Finally, the attenuation characteristics of the prototype silencer were verified by measuring the transmission loss and insertion loss under various conditions, and comparing them with the calculated results.
1991 . Putting the pressure pulsations P in , P out and flow ripples Q in , Q out in the entrance and exit of the silencer respectively, the transfer characteristic is described by the dot product of these transfer matrices as seen in Eqs. (10) and (11). On the other hand, in the case of the volume length L 1 =80 mm, it can be observed that the measured resonance frequency is slightly lower than the calculated value. Fig. 6 Attenuation characteristics of silencer. This figure shows how the resonance frequency f r and transmission loss TL r at resonance frequency vary with respect to volume length L 1 . It can be seen that there is a difference between the calculated and measured values of resonance frequency f r at the smaller values of length L 1 . In the case of the transmission loss TL r at the resonance frequency, the measured values are lower than the calculated results, but are satisfied with the TL r =15 dB that was determined by the design specification (II). Table 3 . In stages i, iii and v of the constant speed area, the volume length corresponds well with the reference signal. The deviation is within the range of just ±1 mm. On the other hand, in stages ii and iv, it is clear that the volume length tracks to the reference signal with almost no time lag. figure (a) shows the measured pressure at the pump rotational speed N=1440 min -1 with and without the silencer in the hydraulic circuit. It was found that the pulsation is reduced to about one-third by using the silencer. The right-hand figure (b) shows the measured pressure when the variable resonance mechanism for the silencer is operated and not operated in the hydraulic circuit. When using the variable resonance mechanism, the pump is driven at the rotational speed N=2160 min -1
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. On the other hand, when not using the variable resonance mechanism, the pump is also driven at the rotational speed N=2160 min -1 , but the volume length is L 1 =242 mm which corresponds to N=1440 min -1
. It is clear that the variable resonance mechanism has an excellent effect. . The fundamental frequency f 1 of pressure pulsation at each pump rotational speed is also indicated on the horizontal axis. It may be seen that the insertion loss remains within the range of 15 dB to 22 dB over a wide range of pump rotational speed. ( 1 7 ) 10 
